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Proceedings: Third International Conference on Case Histories in Geotechnical Engineering, St. Louis, Missouri,
June 1-4, 1993, Paper No. 5.16

"Unconventional" Drilled Pier Underpinning
tobin M. Lim

Michael Majchrzak

'roject Engineer, Berlogar Geotechnical Consultants, Pleasanton,
:alifornia

Associate and Senior Geotechnical Engineer, Kleinfelder, Inc.,
Pleasanton, California

lYNOPSIS An "unconventional" earth retaining system consisting of drilled underpinning piers, was used successfully to underpin a four:tory building in Redwood City, California. Considerations to other conventional underpinning systems and their feasibility at the subject site
Lre also examined. An in-depth discussion of the "unconventional" underpinning system selected for the project is presented with details of the
:onstruction sequence and difficulties encountered. Post-construction performance of the underpinning system and the relative costs of the
·unconventional" underpinning system are also presented.

Figure I
Vicinity and Fault Map

ITRODUCTION
lle project consisted of constructing a 10-story building overlying a
te-level basement in Redwood City, California. Redwood City is
e capital of the County of San Mateo and is approximately 14 miles
2 kilometers) south of the City of San Francisco, as shown on the
icinity and Fault Map, Figure 1. The new 10-story building is an
ldition to the existing San Mateo County Detention Facility .
.gure 2 shows an architect's rendition of the completed project.
le new building will share a trapezoidal-shaped ci!Y block with the
isting Maguire Correctional Center, as shown on Ftgure 3.

I
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['he existing Maguire Correctional Center is a four-story concrete
ilding without a basement. The footprint of the existing building
about 120 by 120 feet (37 by 37 meters). The existing four-story
ilding is founded on shallow spread footings and perimeter strip
)tings. The interior spread footings are inter-connected by grade
ams. The typical column loads of the existing buildmg are
proximately 450 kips (2000 kN). The bearing pressure of the
mdation system is reported to be 4500 pounds per square foot (215
a). The building is considered to be a "heavy building" due to its
~crete construction and the heavy interior walls associated with a
:ention facility. The existing Maguire Correctional Center was to
nain in operation during construction of the addition.

a&ON-

he new building has plan dimensions of about 160 by 210 feet (49
64 meters) and is to abut the southern and western sides of the
sting building.
The planned basement level required an
:avation of approximately 22 feet (7 meters) deep to construct the
ement. Because the planned excavation is to extend up to the
~es of the existing building, shoring of the excavation and
lerpinning of the existing building was necessary. A pedestrian
ige was planned on the fourth floor to provide access from the
~ting to the new building.

DJECT REQUIREMENTS
era1 factors played a significant role in the selection of the
ropriate underpmning system for the Maguire Correctional
tter. The Maguire Correctional Center is a secured detention
lity. Because the normal routine of the facility had to be
ntained throughout construction of the new building, the normal
ration of the correctional center could not be disturbed by the
struction activities for the new building. Another consideration in
cting the appropriate underpinning system for the existing
ding was that the potential settlements of the existing building
Jld not exceed l-inch (25 mm). Larger magnitude settlements
' interfere with the existing security systems. This had significant
ortance since settlements associated with dewatering and loading
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from the adjacent mat foundation were anticipated. Besides the
political and technical issues, the most significant factor in the
selection of the underpinning system was cost.
SUBSURFACE CONDmONS
The site is blanketed by about 5 feet (1.5 meters) of highly
expansive, very stiff black silty clay (CH) with an approximate
plasticity index of 44. The near surface soils are underlain by highly
variable mixtures of medium stiff to stiff silty and sandy clays and
medium dense to dense clayey sands. Lenses of loose to medium
731

Figure 2
An Artist's Rendition of the San Mateo County Detention Facility

~,~
~.,;;, ·

.. I'

TITLE SHEET
THE MAGUIRE COIRRE:CTIION
FACIUTY ADDITION DATED
JULY 15,1991.

the limits of the excavation. Conventional soldier beam and lagging
with drilled tie-backs were used for shoring at three quarters of the
mass excavation. At the remaining one-quarter (about 100 lineal feet
[30 meters]), an appropriate underpinning system was needed to
provide a cost-effective shoring system for the excavation to
construct the basement. The primary geotechnical consideration for
underpinning the four-story building is magnitude of future
settlements. Several sources that may contribute to settlement of the
existing building include the following:

sands were also found within this layer. The highly variable nature
of these soil deposits is indicative of the fluvial depositional
environment in this area. A stream channel, Redwood Creek, is
located within proximity to the site. The fluvial deposits extend to
depths of about 35 feet (11 meters) below the ground surface.
Medium dense to dense gravel layers up to 3 feet (1.5 meters) thick
are interbedded in these fluvial deposits. Below the fluvial deposits
are alluvial deposits consisting of stiff silty and sandy clays and
dense to very dense gravelly and clayey sands. The groundwater
level at the s1te was measured at about 8 feet (2.5 meters) below the
ground surface. An idealized soil profile of the site is presented on
Figure 4.

o Consolidation of the fluvial deposits resulting from transfer of
heavy structural loads of the existing building to the more
compressible fluvial clays;
o Consolidation of the fluvial "clays due to draw down of the
groundwater level for the 22-foot (7-meter) excavation;
o Consolidation of the fluvial deposits due to additional loads
imposed by the new building loads.

FOUNDATION DESIGN- NEW ADDmON
The silty clays beneath the basement for the addition were found to
be moderately compressible with a compression ratio (Cell +e0 ) of
0.12 inches per inch (12 percent). Use of isolated spread footings
was not recommended due to the anticipated total and differential
settlements. A grid foundation system was considered but was found
to be uneconomical in concrete forming costs. Therefore, a mat
foundation system was selected with an allowable bearing pressure of
3,900 pounds per square (186 kPa). A 4-foot (1.2 meter) thick mat
was used to spread the building loads and to resist the upward
hydrostatic pressures from the groundwater table located about
14 feet (4 meters) above the bottom of the mat.
Settlement
associated with the foundation loads, taking into consideration the
unloading due to the excavation, was estimated to be 11h inches (38
mm).

In addition to settlements, high surcharge pressures were a concern.
Because of the high column loads of the existing buildin$, any
underpinning system considered would also need to retam the
relatively high lateral pressures imposed by the interior footings.
UNDERPINNlNG ALTERNATIVES
Several underpinning systems were considered in our investigation
including the following:
o
o
o
o
o
o
o

TECHNICAL CONCERNS
Shoring of most of the mass excavation was straight forward since
only streets (without major buried utilities) and other improvements
that are less sensitive to lateral movement were located adjacent to
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Hand-excavated underpinning pits;
Slurry wall construction;
Driven steel sheet piles;
Bracket piles;
Soil nailing;
Jet grouting;
Drilled retention piers; and

Figure 3
Site Plan Showing Existing and New Detention Facility
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o Drilled underpinning piers.

the limited amount of wall, the cost of the slurry wall would be cost
prohibitive with an estimated $75 per square foot of wall.

A discussion of advantages and disadvantages, along with some cost
comparison, for this site is presented below.

Driven sheet piles were also discounted because driving the sheet
piles may cause densification of the saturated medium dense sands
underlying the existing building, resulting in settlement. In addition,
the sheet piles would have to be left in place resulting in added costs.
Bracket piles are steel piles driven adjacent to the foundation system,
and the foundation system is then supported on the piles. Generally,
this system is used for lightly loaded structures, and was therefore
not considered practical for this heavy structure. Soil nailing was
considered, but with the clayey soils, there was a concern about the
amount of movement in order to engage the soil nails. Jet grouting
was not considered economically feasible due to the large lateral
loads from the existing footings.

The advantage of the hand-excavated pit is that it is commonly used
for similar situations within the San Francisco Bay Area, and is
~ffective in minimizing settlements of the existing structure due to
he jacking required. With jacking, immediate settlements and slack
IVithin the system are removed. However, the use of hand-excavated
mderpinning pits was not considered practical for this site because of
he presence of potentially compressible soils at the expeeted bottom
>f the underpinning pits.
Considering the fluvial depositional
:nvironment of the site, the soil profile can be highly irregular,
•arying from medium stiff clays to dense sands and gravels.
:upporting the pits in the medium stiff clays would result in larger
ilan desired settlement. In addition, dewatering would need to
xtend laterally further than required for the mass excavation, and
~rther dewatering would result in additional consolidation
ettlements. Extending the pits deeper to more competent bearing
:>ils would be even more difficult to construct. The cost of
:>nstructing the underpinning pits, and using lagging to make the
tass excavation was estimated to be approximately $40 to $45 per
}uare foot of shoring (US Dollars).

Drilled retention piers appeared to be feasible; however, because of
the high column loads of the existing building, the retention piers
would need to be designed for high lateral pressures to reduce
potential deflections at the top of the piers. The size of the retention
piers (estimated to be about 30-inches [760 mm] in diameter or
larger) would place the basement wall further from the existing
building than desired by the owner.
Therefore, a system of drilled underpinning piers was considered
viable from both an installation and cost perspective. This system is
very similar to the normally used soldier beam and lagging shoring
systems, except that the H-beam is also used to support vertical
loads. The system consists of installing drilled piers (initially at an
angle) from the exterior of the building extending beneath the

Slurry wall construction would have required that the basement be
~pt back from the existing building by approximately 3 feet.
ombining the slurry wall with the basement wall would have
:sulted in unacceptable differential settlement since this wall would
>t be supported on the mat, while the other walls would be. For
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Figure4
Cross Section Showing Soil Profile
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footings to be underpinned and the piers would be installed using
conventional drilling techniques. Details of this system are discussed
below.

DESIGN OF SHORING AND UNDERPINNING SYSTEM

The design parameters for the drilled pier underpinning system were
based on the design of conventional drilled pier foundations. The
drilled underpinning piers were designed to carry the vertical loads
of the perimeter footing and the lateral loads imposed by the soils
and foundations of the existing building. Support of the vertical
loads on the drilled underpinning piers were derived from skin
friction between the pier shaft (below the excavation level) and the
surrounding soils. A skin friction value of 600 psf (29 kPa) was
recommended for design. Because of the presence of granular soils
and a potentially high groundwater table during construction, end
bearing capacity of the drilled underpinning piers was neglected.

SELECTED UNDERPINNING SYSTEM

As indicated above, drilled underpinning piers were selected to
support the existing building during construction of the basement for
the addition. The advantage of this system is that it can be installed
using conventional drilling equipment and techniques developed for
commonly used soldier beam and lagging systems. This ultimately
reduced the cost of underpinning the building to approximately $23
per square foot of shoring. This system also allows for reduction of
settlement by using jacks or wedges to engage the existing footings
and to reduce the slack in the system. However, there were several
concerns with using this type of system for this site. Drilled
underpinning piers have not been commonly used to underpin heavy
structures in the San Francisco Bay Area. Drilling piers in the
granular soils, including clean sands and gravels, at the site below
the groundwater table was a concern because casing of the piers
would have been very difficult and costly due to the limited working
space.

The piers were to be designed to not only support the vertical loads
along the perimeter of the existing building, but also to provide
resistance to the lateral earth pressures and lateral pressures imposed
from the heavily loaded interior footings. Loading on the perimeter
footing was estimated at 1,000 pounds per lineal foot (15 kN per
meter), and the interior footings were designed using an allowable
bearing pressure of 4,500 psf (215 kPa). The lateral pressure
distribution along the height of the excavation due to the adjacent
soil, perimeter and spread footings are presented on the pressure
diagram on Figure 5.

In addition, to the design and installation difficulties, the design and
construction of the underpinning piers, along with the rest of the
shoring system, was competitively bidded at the requirement of the
owner. As a result, construction specifications were written such
that drilled piers be used for underpinning, and that the responsibility
of the design and performance of the system was relegated to the
designer/ contractor.
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The resulting design of the underpinning system consisted of 24inch (610 mm) diameter piers spaced on either 2-foot (0.6-meter)
centers where influenced by interior spread footings, and 8-foot (2.4meter) centers elsewhere. The piers were designed to extend a
minimum of 5 feet (1.5 meters) below the bottom of the excavation
734

Figure 5
Pressure Diagram Showing Lateral Pressures Used in Design
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for the mat foundation of the new building. To provide lateral
reinforcement and vertical support, the pier de~ign included H-b~ms
consisting of W12X53 beams. Lateral reststance was provtded
through the embedded portion of the pier beneath the bottom of the
mat foundation and through the use of tie-backs installed to lengths
of 30 to 37 feet (9 to 11 meters) from the face of the excavati<?n·
The tie-backs were designed to provide a lateral load of 41 to 92 kips
(180 to 410 kN) per pier. Timber lagging was installed between the
piers at the larger spacing to retain the soils between the piers. 1?he
piers were designed for the use of structural concrete for the port10n
embedded below the design bottom of the excavation for the adjacent
mat foundation. Above the bottom of the excavation, lean concrete
was used to allow for scraping of the lean concrete to expose the Hbeam for installation of the timber lagging. The shoring plan is
shown on Figure 6.

1.

2.

3.

INSTALLATION OF UNDERPINNING PIERS
Construction of the new 10-story detention facility commenced in
A.ugust, 1991. As the mass excavation was made, underpinning of
the existing building commenced.
The procedure for the
'mderpinning system consisted of several steps. The procedure for
'.nstalling the underpinning piers and the construction sequence is
)resented below. Prior to installation of the system, most of the
nass excavation was made, leaving a berm that was about 20 feet (6
neters) wide to allow for access to equipment, and sloping into the
~xcavation at an approximate 1 horizontal to 1 vertical inclination.
rhe installation procedure of the underpinning system is as follows:
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The ground surface immediately adjacent to the extstmg
building was lowered to within 1-foot (0.3 meters) of the
bottom of the perimeter footing. Using a backhoe, pits of
about 4 feet (1.2 meters) wide and 4 feet deep were excavated
at the location of the planned underpinning pier and,
subsequently, at every third underpinning location, as shown
on Figure 7(a).
Using a Texcoma LDH 50 drill rig, the pier hole was started
with the auger drilling at a slant of approximately 15 degrees.
The pier hole was started this way in order to remove the soil
under the footing and to clear the back of the excavation for
placement of a steel H-beam. As the hole was drilled, the rig
was adjusted to drill near vertical to the design depth of the
pier as shown on Figure 7(b).
When granular soils and water were encountered, drilling
operations were suspended until the structural concrete
arrived on-site. When groundwater was encountered in the
pier holes, additional water was placed in the hole in an effort
to equalize the water pressures in the hole to reduce potential
caving of the granular soils.
When the pier hole was cleaned, a masonry block was
attached to the bottom of the H-beam to provide concrete
cover below the H-beam and to prevent the H-beam from
punching into the bearing soils. Several holes were then cut
mto the flange of the H-beam to allow the concrete to flow
from one side to the other. In addition, 4-inch (102 mm)
long, th-inch (13 mm) diameter lugs were welded onto the Hbeam to increase the connection between the beam and the

Figure 6
Shoring and Underpinning Plan
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surrounding concrete. The H-beam was then lowered into the
hole and the top of the beam was cut off to fit below the
footing. The H-beam was then positioned such that it was
near vertical and plumb, and lined up relatively even with the
exterior of the existing footing as shown on Figure 7(c).
Concrete was placed in the bottom of the pier by pumping the
concrete through a 2-inch (50 mm) diameter plastic pipe to
approximately the bottom of the planned excavation as shown
on Figure 7(d). The remainder of the pier hole was filled
with lean concrete to within 3 feet (1 meter) of the footing.
Following completion of every third pier, a minimum l-inch
(25 mm) thick steel plate was welded to the top of the Hbeam to create a smooth surface for jacking or wedging. A
jack or wedge was then place between the bottom of the
footing and the H-beam to transfer the design loads of the
footing to the underpinning pier. The void between the steel
plate and the bottom of footing was then filled with dry-pack
cement. The initial backhoe pits excavated to facilitate
installation of the piers were filled with lean concrete. The
completed pier is shown schematically on Figure 7(e).
The remaining piers were then installed in sequence.
The excavation to remove the remainder of the soil berm
adjacent to the underpinning piers was then completed, with
installation of 3-inch (75 mm) thick timber lagging as the
excavation progressed.

Photographs of the various aspects of the construction are presented
as Figures 8 through 12.
PERFORMANCE
Seventeen monitoring points were installed at the existing four-story
building to monitor vertical and horizontal movements of the
building before, during, and after underpinning of the building.
Virtually no horizontal deflection of the existing building was noted
from August, 1991 through January, 1992. The maximum vertical
settlement noted was 0.35 inches (9 mm), which is within the range
considered to be tolerable for the existing building. From these
results, the drilled underpinning pier system provided a successful
and cost-effective solution for underpinning the building.
CLOSURE
As the cost of construction increases, cost effective measures are
constantly being required by owners and developers.
These
measures can take the form of new techniques, or it can incorporate
conventional construction techniques in different approaches. The
case history presented in this paper describes a successful cost
effective construction procedure that uses conventional drilling
techniques in an unconventional manner. Because of the minimal
movement resulting from this approach for the subject project,
additional cost reduction measures probably could have been
incorporated in the design. Cost reduction measures could have been
facilitated by inviting the shoring designer to join the design team
based on quality rather than selection through competitive bidding.
In many cases, the resulting shoring design from competitive bidding
may be competitive in cost; however, the design may be based on
conservative design parameters. On the other hand, if the shoring
designer were made part of the design team, cost reduction measures
may be realized in the design and in the construction procedure.

Following completion of the excavation, the subgrade for the mat
foundation was then prepared. Prior to construction of the mat,
compressible II Styrofoam 11 was placed over t~e top of the portion of
the pier at mat subgrade level tha~ extendt;d mto the. excavatwn: In
addition, visqueen was placed agamst the timber laggmg to prov1de a
smooth surface between the mat and the shoring system as shown on
Figure 7(f). This was done to prevent the mat foundation from
dragging down the shoring system as the mat settles. After the mat
was constructed, and prior to construction of the perimeter walls,
bentonite waterproofmg was sprayed on the shoring system, and
covered with visqueen for protection.
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Figure 8
Photograph Showing Existing
Building Before Construction

Figure 11
Photograph Showing Application of
Bentonite Waterproofing Spray

Figure 9
Photograph Showing Partial Excavation
Before Stressing Tiebacks

Figure 12
Photograph Showing Completed Excavation
and Construction of Mat Foundation

Figure 10
Photograph Showing Shoring
After Completion of Mud Slab
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